A furocoumarin derivative, psoralen (7H-furo [3,2-g][1]benzopyran-7-one), was isolated from the n-hexane fraction of Heracleum moellendorffii Hance. We examined the effects of psoralen on a human Kvl.5 potassium channel (hKvl.5) cloned from human heart and stably expressed in Ltk cells. We found that psoralen inhibited the hKv1.5 current in a concentration-, use-and voltage-dependent manner with an IC~o value of 180 + 21 nM at +60 mV. Psoralen accelerated the inactivation kinetics of the hKvl.5 channel, and it slowed the deactivation kinetics of the hKvl.5 current resulting in a tail crossover phenomenon. These results indicate that psoralen acts on the hKvl.5 channel as an open channel blocker. Furthermore, psoralen prolonged the action potential duration of rat atrial muscles in a dose-dependent manner. Taken together, the present results strongly suggest that psoralen may be an ideal antiarrhythmic drug for atrial fibrillation.
INTRODUCTION
A literature survey revealed that little pharmacological work has been carried out on Heracleum moellendorffii Hance, and only the antiproliferative constituents panaxynol and falcarindiol have been reported (Nakano et aL, 1998) .
Earlier investigations on the chemical constituents of H.
moellendorffii mainly dealt with the isolation of coumarins (Zhang, 1981 ; Wu et al., 1986) .
The shape and duration of cardiac action potentials vary depending on the region of the heart where they are recorded. These regional differences result, in part, from the differential expression of K § channel genes within the myocardium (Sanguinetti and Keating, 1997) . K § channels represent the most diverse class of ion channels in the heart. The inward K + currents regulate the resting membrane potential, whereas the voltage-gated K § (Kv) currents control the action potential duration (Roden and George, 1999) . The Kv channels contribute to cell Correspondence to: Yong Geun Kwak, Department of Pharmacology, Chonbuk National University Medical School, Chonju 561-756, Korea Tel: 82-63-270-3091, Fax: 82-63-275-2855 E-mail: ygkwak@chonbuk.ac.kr repolarization and regulate the action potential duration. Clinically, it is known that repolarization disorders in damaged tissues result in cardiac arrhythmias. Accordingly, Kv channels become major targets for the treatment of arrhythmias. The hKv1.5 channel is known to have the same electrophysiological and pharmacological properties as IKUR, a current specific in a human atrium (Fedida et aL, 1998) . The development of highly selective blockers for the hKv1.5 channel will lead to an ideal drug for the treatment of atrial fibrillations.
In the present study, we found that psoralen, one of the extracts from Heracleum moellendorffii Hance blocked the hKvl.5 channel current expressed in Ltk cells in a concentration-, time-, voltage-, and use-dependent manner, and it induced the prolongation of action potentials in rat atrial muscles.
MATERIALS AND METHODS

General procedure
1H-and laC-NMR spectra were determined on a JEOL JMN-EX 400 spectrometer. The El/MS (70 eV) spectrum was determined on a VG-VSEQ mass spectrometer (VG Analytical, UK). All chemicals and solvents were of 270 J.S. Eun et aL analytical grade and used without further purification.
Plant materials
The roots H. moellendorffii Hance was collected in July 2002 at Soonchang, Chonbuk, Korea. A voucher specimen was deposited in the herbarium of the College of Pharmacy, Woosuk University (WSU-02-015).
Extraction and isolation
Air-dried plant materials (500 g) were finely ground and extracted with MeOH under 50~ The solvent of the resultant MeOH extract (60 g) was successively portioned to give n-hexane (5 g), CHCI3 (4 g), n-BuOH (5 g) and H20 soluble fractions. The n-hexane soluble fraction was chromatographed over a silica gel column using a solvent system of CHCI3-MeOH (45:1) as an eluent to give seven subfractions. Subfraction 3 was purified by a Lobar A column (n-hexane:EtOAc = 5:1) to yield compound 1 (12 rag). 
Cell culture and transfection
The method used to establish the hKv1.5 expression in a clonal mouse Ltk-cell line is the same as described previously (Snyders et aL, 1992; 1993) . Transfected cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% horse serum and 0.25 mg/mL of G418, under a 5% CO2 atmosphere. Before the experiment, subconfluent cultures were incubated with 2 pM dexamethasone for 12 h to induce the expression of the hKvl.5 channels. Cells were removed from the dish with a rubber policeman, a procedure that left the majority of the cells intact.
Sylgard. The portion of the muscles adjacent to the insect pin was pressed against the bottom of the chamber by stimulating electrodes, and these electrodes were used to elicit action potentials.
Electrical recordings
Kv currents were recorded by using the whole cell configuration of the gigaohm-seal patch clamp technique (Kwak et aL, 1999) . Electrical signals were amplified with a patch clamp amplifier (Axopatch-1 D, Axon Instruments, Foster). The currents were digitized by a signal converter (Digidata 1200, Axon Instruments) and stored on the hard disk of a computer. A micropipette with a resistance of 1-2 MQ (Kimax-51, 1.5-1.8x10 mm) for current recording, was pulled out by a 2-stage pipette puller (PP-83, Narishige, Tokyo, Japan). The intracellular pipette-filling solution for the whole cell mode contained 100 mM KCI, 10 mM HEPES, 5 mM K4BAPTA, 5 mM K2ATP and 1 mM MgCI2 (pH 7.2). The extracellular solution contained 130 mM NaCI, 4 mM KCI, 1.8 mM CaCI2, 1 mM MgCI2, 10 mM HEPES and 10 mM glucose (pH 7.35).
The action potentials were elicited by stimulating the cardiac cells with square pulses (1 Hz, lasting 1 ms, 20-30% above the threshold voltage) by a stimulator via a stimulus isolation unit (WPI, Sarasota, FL). The action potentials were recorded with a 3-M KCI-filled microelectrode (10-20 MQ) connected to an amplifier (KS-700, WPI), and they were displayed on an oscilloscope (dualbeam storage 5113, Tektronix, Beaverton, OR). The tracings on the oscilloscope screen were photographed using 35-mm film, and they were also recorded on a chart recorder (RS 3400, Gould, Cleveland, OH). The rat atrial muscles were superfused with Tyrode's solution at a constant rate (5 mL/min). Tyrode's solution contained 137 mM NaCI, 5.4 mM KCI, 1.05 mM MgCI2, 0.45 mM NaH2PO4, 11.9 mM NaHCO3, 1.8 mM CaCI2, and 5 mM dextrose.
Statistical analysis
The results are expressed as mean _+ S.E.M. The student's t-test and analysis of variance (ANOVA) were used for statistical analysis of data. A value of p<0.05 was considered statistically significant.
Rat atrial muscle preparation
To prepare rat atrial muscles, the heart of a rat was rapidly excised and then transferred to a dissection bath filled with Tyrode's solution oxygenated with a 97% oxygen and 3% carbon dioxide mixture. The atrial muscles were carefully dissected and mounted horizontally in a narrow channel of a tissue chamber, and they were continuously superfused with oxygenated Tyrode's solution at 37~ --The mural ends of these muscles were fixed with an insect pins to the bottom of the chamber coated with
RESULTS AND DISCUSSION
A selective block of the hKvl.5-1ike current in human atrial myocytes results in a significant prolongation of the action potential (Wang et al., 1993 (Wang et al., , 1994 . Blocking of the cardiac K § channels increases the action potential duration (Colatsky et al., 1990; Roden, 1993) . The n-hexane soluble fraction of H. moellendorffii Hance inhibited the hKv1.5 channel expressed in mouse Ltk-cells. Activity-guided column chromatography of the n-hexane soluble fraction
